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DESCRIPTION 



T-TYPE CALCIUM CHANNEL BLOCKER 

Technical Field 

[0001] The present invention relates to a pyridine compound and 1 ,4-dihydropyridine 
compound having a substituent at 1 -position that show a selective T-type calcium 
Chanel blocking action, and to therapeutic or preventive agents against diseases for 
which T-type calcium channel blocking action is effective. 

Background Art 

[0002] It is known that a number of 1 ,4-dihydropyrldine compounds show oral anti- 
hypertensive action and are effective for Improvement of cardiovascular diseases 
such as angia pectoris, cerebrovascular disease, hypertension or the like (see for 
example Patent Documents 1 -12). The above-mentioned effect that these 
compounds show is owing to vasodilation mainly based on L-type calcium channel 
blocking action. 

[0003] Recently, compounds having T-type calcium channel blocking action in 
addition to L-type calcium channel blocking action were found from among 1,4- 
dihydropyridfne compounds (see, for example, Nonpatent Documents 1 and 2). 
[0004] It is reported that the activation of T-type calcium channel participates in 
occurrence of hypercardia (see, for example Non-patent Document 3). heart failure 
(see, for example Non-patent Document 3), cardiomyopathy (see, for example Non- 
patent Document 4), tachyarrhythmia represented by atrial fibrillation (see, for 
example Non-patent Document 5), arterial sclerosis (see, for example Non-patent 
Document 6), renal disorder represented by nephritis/nephropathy (see, for example 
Non-patent Document 7), renal insufficiency (see, for example Non-patent Document 
7), inflammation and edema (see, for example Non-patent Documents), hyper- 
aldosteronism (see, for example Non-patent Document 9), neurogenic pain (see, for 
example Non-patent Document 10), epilepsy (see. for example Non-patent Document 
11) and cancer (see, for example Non-patent Document 12). Therefore, It is thought 
that T-type calcium channel blockers are effective for therapy or prevention of these 



[0005] On the other hand, it is reported that 1.4-dihydropyridine-5-phosphonate 
derivatives and pyridine-5-phosphonate derivatives have an augmentation action of 
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cardioprotective effectve against ischemla-reperfusion (see, for example Patent 
Document 14). However, the possibility of these compounds as T-type calcium 
channel blockers is not mentioned therein. 
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Disclosure of Invention 

Problem to be solved by the Invention 

[0006] In the therapy of the above-mentioned diseases based on T-type calcium 
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blocking action, the fallowings are feared: 1,4-dihydropyridine compounds have a 
possibility that the influence thereby on a strong vasodilation and cardiac function 
based on L-type calcium channel blocking action simultaneously caused becomes 
inhibition factors in the therapy; and these compounds have a possibility to cause 
lowering in Quality of Life, such as occurrence of headache, flash, dizziness, edema 
or the like based on vasodilation. Therefore, it is considered very useful to find T- 
type calcium channel blockers having a weak or little L-type calcium channel blocking 
action, as therapeutic agents of the above-mentioned diseases. 

Means for solving the Problem 

[0007] The present inventors eagerly investigated in order to solve the above- 
mentioned problems. As a result of it, they found that the oxidation of 1 ,4- 
dihydropyridine compounds to pyridine or the introduction of substituent at 1 -position 
of 1,4-dihydropyridine compounds leads to the production of compounds in which L- 
type calcium channel blocking action is weakened and T-type calcium channel 
blocking action is maintained to some extent, and consequently a selective blocking 
action against T-type calcium channel is maintained at the approximately same level. 
Consequently, they completed the present invention. 
[0008] That is, the present invention provides the followings: 
1. A T-type calcium channel blocker that is a compound of formula (1), a 
pharmaceutically acceptable salt thereof or a solvate thereof: 



Ar 1 is phenyl group, pyridyl group, furyl group or 2,1,3-benzoxadiazol-4-yl group (the 
phenyl group, pyridyl group, furyl group and 2,1,3-benzoxadiazol-4-yl group may be 
arbitrarily substituted with one or two substituents selected from N0 2l CF 3 , Br, CI, F. 
C 120 alkyl group, OH, OR 8 , OCHF 2r COOR 8 , NH 2 , NHR 8 , NR e R 7 , CONH 2 , CONHR 8 
CONR^, COSR 6 , SR 6 , S(0)R 6 . S(0) 2 R 8 , SO s H, SO s R 6 , S0 2 NH 2 , S0 2 NHR 8 , 
S0 2 NR 6 R 7 , CN and phenyloxy group, wherein R 8 and R r are independently of each 
other C^alkyl group; 

nitrogen-containing hetero ring moiety is 1,4-dihydropyridine ring or pyridine ring; 




(1) 



wherein 
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Z is a group of formula (2) 



Rl9 



wherein R 4 and R 5 are independently of each other OH, C 1-e alkoxy group, 
C^alkenyloxy group, O^alkynyloxy group, OAr 2 , OANR B R 7 , OAIVKCH^OR 8 , OAOR 6 , 
OACN, NH 2l NHR', NR 8 R 7 , 1-pyperidinyl group or 1-pyrrolidinyl group, or 
R 4 and R s together are OYO, NHYO, R 6 NYO, NHYNH, R 6 NYNH or R 6 NYNR 7 wherein 
R 6 and R 7 are as defined above, 

Ar 2 is phenyl group (the phenyl group may be arbitrarily substituted with halogen atom, 
C^alkyl group or C^alkoxy group), 

A is C^alkylene group (the C^alkylene group may be arbitrarily substituted with 
C^alkyl group or Ar 2 ), and 

Y is straight-chain C^alkylene group (the C^alkytene group may be arbitrarily 
substituted with C^lkyl group, C^alkoxy group, C^alkoxycarbonyl group or Ar 2 ), or 
Z is C0 2 R 2 , wherein R 2 is C^alkyl group (the C^alkyl group may be arbitrarily 
substituted with C^alkoxy group); 

R a and R b are independently of each other C^alkyl group, ANR 8 R°. CH 2 OANR 8 R 9 , Ar 2 , 
ChNCHAr 2 , CH^HfO^Ar 2 , CHO, CN, CH 2 OH, CH 2 OR 8 , AN(CH 2 CH 2 ) 2 NR 8 or NR 8 R 9 , 
wherein R 8 and R B are independently of each other hydrogen atom, C^alkyl group 
(the C^alkyl group may be arbitrarily substituted with phenyl group, wherein the 
phenyl group may be arbitrarily substituted with C lJ6 alkoxy group or halogen atom) or 
phenyl group (the phenyl group may be arbitrarily substituted with C^alkoxy group or 
halogen atom), 

Ar 2 and A are as defined above; 

in case where the nitrogen-containing hetero ring moiety is 1 ,4-dihydropyridine ring, 
R 1 is C^alkyl group, ANR 8 R 9 , AN(CH 2 CH 2 ) 2 NR 8 , AN(CH 2 CH 2 ) 2 0, AOR 8 or benzyl 
group, wherein R 8 , R B and A are as defined above; and 

R 3 is hydrogen atom, C^alkyl group, C 2 ^alkenyl group or C^alkynyl group (C^alkyl 
group, C^alkenyl group and C^alkynyl group may be arbitrarily substituted with 
phenyl group, wherein the phenyl group may be arbitrarily substituted with C^alkoxy 
group or halogen atom), ANR 8 R 9 or a group of formula 
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— A— N 



N-R 8 



NR 8 R 9 -CH 2 _,R 8 ^ R 8 



(CHA , (cV 8)p or ^ 

wherein R B , R 9 and A are as defined above, 
o and p are independently of each other 3 or 4, and 
q is 1 , 2 or 3; 

2. The T-type calcium channel blocker as set forth in 1., wherein R 3 is ANR B R 9 or a 
group of formula 



A—t/ \l— R 8 f _ A _^^ N _ R a 



,NR 6 R 9 -CH 2 M ,R 8 
\ — N 



< c H z )o , (cV 2 ) p or ^ctf" q 

wherein R 8 , R 8 , A, o, q and p are as defined above; and 
R 5 is C^alkyl group; 

3. The T-type calcium channel blocker as set forth in 2., wherein R b is C, -alkyl group 
CN or NH 2 ; 

4. The T-type calcium channel blocker as set forth in 1., wherein R" is ANR°R 9 
CH 2 OANR 8 R 9 or CH 2 CH 2 N(CH 2 CH 2 ) 2 NR 8 , wherein 

A, R 8 and R 6 are as defined above; 

R 3 is C^alkyl group, C^alkenyl group or C^alkynyl group (C^alkyl group, 
C^alkenyl group and C^aikynyl group may be arbitrarily substituted with phenyl 
group, wherein the phenyl group may be arbitrarily substituted with C^alkoxy group 
or halogen atom); and 
R s is C^alkyl group; 

5. The T-type calcium channel blocker as set forth in any one of 1 . to 4., wherein the 
nitrogen-containing hetero ring moiety is 1 ,4-dihydropyridine ring; and 

Z is a group of formula (2); 

6. The T-type calcium channel blocker as set forth in 5., wherein R 4 and R 5 together 
are OYO, NHYO, R 6 NYO, NHYNH, R 8 NYNH or R'NYNR 7 , wherein 

Y is straight-chain C^alkylene group (the C^alkylene group may be substituted with 
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C^alkyl group, C^alkoxy group, C^alkoxycarbonyl group or Ar 2 ); 

7. The T-type calcium channel blocker as set forth in 6., wherein Ar 1 is phenyl group, 
3-nitrophenyl group, 2-nitrophenyl group, 3-chlorophenyl group, 2-chlorophenyl group, 
3-methoxyphenyl group, 2-methoxyphenyl group, 2-trifluoromethylphenyl group, 3- 
trifluoromethylphenyl group, 4-pyridyl group, 3-pyridyl group, 2-pyridyl group or 2,3- 
dichlorophenyl group; 

8. The T-type calcium channel blocker as set forth in any one of 1. to 4., wherein the 
nitrogen-containing hetero ring moiety is pyridine ring; and 

Z is a group of formula (2); 

9. The T-type calcium channel blocker as set forth in 8., wherein R 4 and R 5 together 
are OYO, NHYO, R 6 NYO, NHYNH, R fi NYNH or R 6 NYNR 7 , wherein 

Y is straight-chain C^alkylene group (the C^alkylene group may be arbitrarily 
substituted with C^alkyl group, C^alkoxy group, C^alkoxycarbonyl group or Ar 2 ); 

10. The T-type calcium channel blocker as set forth in 9., wherein Ar 1 is phenyl group, 
3-nitrophenyl group, 2-nitrophenyl group, 3-chlorophenyl group, 2-chlorophenyl group, 
3-methoxyphenyl group, 2-rnethoxyphenyl group, 2-trifluoromethylphenyl group, 3- 
trifluoromethyiphenyl group, 4-pyridyl group, 3-pyridyl group, 2-pyridyl group or 2,3- 
dichlorophenyl group; 

11 . The T-type calcium channel blocker as set forth in any one of 1 . to 4., wherein the 
nitrogen-containing hetero ring moiety is 1 ,4-dihydropyridine ring; and 

Z is C0 2 R 2 ; 

12. The T-type calcium channel blocker as set forth in 11 ., wherein Ar 1 is phenyl group, 
3-nitrophenyl group, 2-nitrophenyl group, 3-chlorophenyl group, 2-chlorophenyl group, 
3-methoxyphenyl group, 2-methoxyphenyl group, 2-trifluoromethylphenyl group, 3- 
trifluoromethylphenyl group, 4-pyridyl group, 3-pyridyl group, 2-pyridyl group or 2,3- 
dfchiorophenyl group; 

13. The T-type calcium channel blocker as set forth in any one of 1. to 4., wherein the 
nitrogen-containing hetero ring moiety is pyridine ring; and 

Z is C0 2 R 2 ; 

14. The T-type calcium channel blocker as set forth in 13., wherein Ar 1 is phenyl group, 
3-nitrophenyl group, 2-nitrophenyl group, 3-chlorophenyl group, 2-chlorophenyl group, 
3-methoxyphenyl group, 2-methoxyphenyl group, 2-trifluoromethylphenyl group, 3- 
trifluoromethylphenyl group, 4-pyridyl group, 3-pyridyf group, 2-pyridyl group or 2,3- 
dichlorophenyl group; 

15. A pharmaceutical containing the T-type calcium channel blocker as set forth in 1 .; 
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ZHZ y™ 091 " 0 *' 85 S6t ^ 15 - wherein *• Phannaceuflcal is a 

TrZ J' PreVen,ive a 9 ent a disease for which T-type calcium channel 

blacking action is effective: ™ onannel 

17 The pharmaceutical as set forth In 16.. wherein the disease is hypercardia heart 
failure, cardiomyopathy, atria, filiation. tachyarrhythmia, arterial s^ZT—s 
nephropexy, rena. disorder, rena. insufficiency, inflammation, edema, hZ'r 
aldosteronism, neurogenic pain, epilepsy or cancer 

aLCrT? fo, ; DreVen,ina ortrea,l "° hype^ardia; heart failure, cardiomyopathy 
atnal fibnllation. tachyarrhythmia, arterial sclerosis, nephritis, nephropathy „ ^ 

pain e^Z: ™™™*>n. edema. hypar-aldosteLlsm neXnic 
pain, epilepsy or cancer, comprising administering an effective amount of the 

a 9 so^e° n ,e~or POU w ""J 0 ™"* <U ' » ha ™ a ~"««»y acceptable sal. thereof or 
a solvate mere of as set forth in 1 . for the manufacture of a preventive agent or a 

Z^ZT*"* T T rCard,a - ^ fa " Ur9 ' ehia, fibrillation 

tachyan-hythmia. artenal sclerosis, nephritis, nephropathy, renal disorder, rena. 

msufftaency. inflammation, edema, hyper-aldosterenism, neurogenic pain, epilepsy or 
Best Mode for Carrying Out the Invention 

[0009] Hereinafter, the present invention is described In further detail 

lln^T*™- n0m,a '' T meanS " 5 " means —«Hf«U f means 

mn,„T • = 7"" ° *"" " Ph " meanS Phenyl arou » in «• specification. 
[0010] Each substftuent stated in this specification is described 

loTne atom 096 " a '° m ""^ ^ ° hl ° rine ^ br0mlne atom and 

[0012] C M alkyi group Includes straight-chain, branched or cyclic ones, for example 

T"' 9roUP - n - proPy ' ar ° UP ' '- pro ^ *»* andlpropy, group etc 
in addict 5 " g K° UP ' ndUdeS S,rai9h, - ha,n ' ° ra ™*«< or cyclic ones, for example 
° abo ™f°n^ groups for C„ alky, greup, n-buty. greup. i-buj 

oreuo !" bU f h 3 , r T' ** UW BTOUP ' ^ 9roUP ' »™P. 1-memy,-n-bu^ 

greup 2-methyl-n-butyl group. 3-methy,-n-buty, group. 1.1-dlmethyl-rt-propyi greup 
o^entyl group, 2-memyl-cbuty, group, n-hexy, group. 1-meth>rt-n-pentyl greup 2 
methyl-n-penty. greup. 1,1-dimethyl-n-bu.y. group, l^myi-n-buty. group 112 
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trimethyl-n-propyl group, c-hexyl group, 1-methyl-c-pentyl group, 1-ethyl-cbutyl group 
and 1 ,2-dimethyl-c-butyl group, etc. 

[0014] alkyl group includes straight-chain, branched or cyclic ones, for example 

in addition to the above-mentioned groups for alkyl group, n-heptyl group 2-c- 
pentylethyl group, n-octyl group, 2-c-hexylethyl group, 3-c-pentyl-n-propyl group, n- 
nonyl group, 3-c-hexyl-n-propyl group. 4-c-pentyl-n-butyl group, n-decyl group, 4-c- 
hexyl-n-butyl group, 5-cpentyl-n-pentyl group, n-undecyl group, 5-c-hexyl-n-pentyl 
group, 6-c-pentyl-n-hexyl group, n-dodecyl group, n-tridecyl group, n-tetradecyl group, 
n-pentadecyl group, n-hexadecyl group, n-heptadecyl group, n-octadecyl group, n- 
nonadecyl group and n-eicosyl, etc. 

[0015] C« alkenyl group includes straight-chain or branched ones, for example 
ethenyl group, 1-propenyl group, 2-propenyl group, 1-methyl-1-ethenyl group. 1- 
butenyl group, 2-butenyl group, 3-butenyl group, 2-methyl-1 -propenyl group. 2- 
methyl-2-propenyl group. 1-ethylethenyl group, 1-methyl-1 -propenyl group. 1-methyl- 
2-propenyl group. 1-pentenyl group, 2-pentenyl group. 3-pentenyl group. 4-pentenyl 
group, 1-n-propylethenyl group, 1-methyl-1-butenyl group. 1-methy|-2-butenyl group, 
1-methyl-3-butenyl group, 2-ethyl-2-propenyl group, 2-methyl-1-butenyl group, 2- 
methy|-2-butenyl group, 2-methyl-3-butenyl group, 3-methyl-1 -butenyl group. 3- 
methyl-2-butenyl group, 3-methyl-3-butenyl group. 1.1-dimethyl-2-propenyi group, 1- 
i-propylethenyl group, 1 ,2-dimethyl-1 -propenyl group. 1 ,2-dimethyl-2-propenyl group, 

1- hexenyl group, 2-hexenyl group, 3-hexenyl group, 4-hexenyl group, 5-hexenyl 
group, 1-methyl-1-pentenyl group, 1-methyl-2-pentenyl group, 1 -methyl-3-pentenyl 
group, 1-methyl-4-pentenyl group, 1-n-butylethenyl group, 2-methyl-1-pentenyl group. 

2- methyl-2-pentenyl group, 2-methyl-3-pentenyl group. 2-methyl-4-pentenyl group, 2- 
n-propyl-2-propenyl group, 3-methyM-pentenyl group, 3-methyl-2-pentenyl group, 3- 
methyl-3-pentenyl group, 3-methyl-4-pentenyl group. 3-ethyl-3-butenyl group. 4- 
methyl-1-pentenyl group, 4-methyl-2-pentenyl group, 4-methyl-3-pentenyl group. 4- 
methyl-4-pentenyl group. 1.1-dimethy!-2-butenyi group, 1 ,1-dimethyl-3-butenyl group, 

1 .2- dimethyl-1 -butenyl group, 1 ,2-dimethyl-2-butenyl group, 1 ,2-dimethyl-3-butenyl 
group, 1-methyl-2-ethyl-2-propenyl group, 1-s-butylethenyl group, 1.3-dimethyl-1- 
butenyl group. 1 ,3-dimethyl-2-butenyl group, 1 ,3-dimethyl-3-butenyl group, 1-i- 
butylethenyl group, 2.2-dimethyl-3-buteny| group, 2.3-dimethyl-1 -butenyl group. 2,3- 
dimethyl-2-butenyl group. 2,3-dimethyl-3-butenyl group, 2-i-propyl-2-propenyl group, 

3.3- dimethyl-1-butenyl group, 1-ethyl-1 -butenyl group, 1-ethyl-2-butenyJ group, 1- 
ethyl-3-butenyl group, 1-n-propyl-1 -propenyl group, 1-n-propyl-2-propenyl group, 2- 



8 



ethy.-1-butenyl group, 2-ethyl-2-butenyl group. 2-ethyk3-butenyl group 1 1 2 - 

^C^sZ7 l 9r ° UP ', ^ l-ethyM-eth^-propeny, group. 

1-ethyl-2-methyl-1-propeny| group, 1-ethyJ-2^ethy|-2- P ro P enyl group, 1-i-propyM- 
propenyl group and 1-i-propyl-2-propeny| group etc 

lthvn 6 vl J^T* 9r °T lnC ' UdeS Stralght - Chaln or bra "*ed -es, for example 
ZT1 2-propyny. group, 1-butyny. group, 2-butyny. group 

^butyny, group 1-methy«-2-propyny. group, 1-pentynyl group, 2-pentyny. group 3 

2 2"h , T, U l 4 r ntyny ' grDUP ' ^-^-butyny, group, 1«££^ fl Lp 
2^7, ^ 9rOUP ' 3 - meth ^ M - bu W W Ll-dimethy^-propyny, group, 
2-ethy.-2-propyny. group. 1-hexyny, group. 2-hexyny. group, 3-hexyny. group 4- 

hexyny group. 5-hexynyl group, 1-methyl-2-pentynyl group, 1-methyl-3-pentynyl 
group. 1-rnethyl-4- P entynyl group, 2-methyl-3-pentynyl group, 2-methyl-4-pentynyl 
group, 3-methyM-pentyny. group, 3-methyM-pentynyl group. 4-methyM-pentynyl 
group . 4-methyl-2-pentynyl group. 1.1-dirnethyl-2-butynyl group, 1,1-dimethyl-3- 
butynyl group, 1.2-dimethyl-3-butynyl group, 2,2-dimethyl-3-butynyl group 3 3- 
d.methyl-1-butynyl group, 1^thyl-2-butynyl group, 1^thyl-3-butynyl group' ll n - 
propyl-2-propynyl group, 2^thyl-3-butynyl group, 1-methyM^thy|-2- P ropynyl group 
and 1-f-propyl-2-propynyl group, etc. 

[0017] C,. 3 alkoxy group includes straighKhain, branched or cyclic ones for 
example methoxy group, ethoxy group, n-propoxy group, i-propoxy group and c- 
propoxy group, etc. 

[001 8] C w alkoxy group includes straight-chain, branched or cyclic ones for 
example, in addition to the above-mentioned groups for C M alkoxy group, n-butoxy 
group, ,-butoxy group, s-butoxy group, t-butoxy group, c-butoxy group, n-pentyloxy 
group, 1-methyl-n-butoxy group, 2-methyl-n-butoxy group. 3-methyl-n-butoxy group 
1,1-d.methyl-n-propoxy group, c-pentyloxy group, 2-methyl-c-butoxy group n- 
hexyloxy group, 1-methyl-n-pentyloxy group, 2-methyl-n-pentyloxy group 1 1- 
d.methyl-n-butoxy group, 1-ethyl-n-butoxy group. 1, 1 . 2-trimethyl-n-propoxy group c- 
hexyloxy group, 1-methyl-c-pentyloxy group, 1-ethyl-c-butoxy group and 1 ,2- 
dimethyl-c-butoxy group, etc. 

[0019] C„ alkenyloxy group includes straight-chain or branched ones for example 
2-propenyloxy group, 2-butenyioxy group, 3-butenyloxy group, 2-methyl-2- 
propenyloxy group, 1-methyl-2-propenyloxy group, 2-pentenyloxy group 3- 
pentenyloxy group, 4-pentenyloxy group, 1-methyl-2-butenyloxy group 1-methyl-3- 
butenyloxy group, 2-ethyl-2-propenyloxy group, 2-methyl-2-butenylooxy group 2- 
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^ 9 ° UP ' ^^^"Woxygroup, 3-methy.-3-buteny,oxy group, 
1 l^methy.-2-propenyIoxy group, 1 .2-dimethy.-2.propeny.oxy group. 2-hexeny.oxy 
group, 3-hexeny.oxy group. 4-hexenyloxy group, 5-hexenyloxy group. 1-methy.-2- 
pentenytoxy group, 1-methy.-3-penteny.oxy group, 1-methy.-4-penteny.oxy group 2- 
methy.-2-pentenyloxy group. 2-methyl-3-pentenyloxy group, 2-methy.-4-penteny.oxy 
group, 2-n-propyl-2-propenyloxy group, 3-methyl-2-pentenyloxy group. 3-methy.-3- 
pentenyloxy group, 3-methyM-pentenyloxy group. 3-ethy.-3-buteny.oxy group 4- 
methyl-2-penteny.oxy group, 4-methy.-3-penteny.oxy group, 4-methyl-4- P enteny.oxy 
group, 1.1-dimethy|-2-buteny.oxy group, 1,1-<iimethy|-3-butenyloxy group 1 2- 
d.methyl-2-butenyloxy group. 1.2-dimethyl-3-butenyloxy group. 1-methyl-2-ethyl-2- 
propenyloxy group, 1 ,3-dimethyl-2-butenyloxy group, 1,3-dimethy.-3-buteny.oxy group 
2,2Hi,methyl-3-butenyloxy group, 2.3-dimethyl-2-butenyloxy group, 2,3-dimethyl-3- ' 
butenyloxy group, 2-l-propy.-2-propeny.oxy group. 1-ethy.-2-buteny.oxy group 1- 
ethyl-3-butenyloxy group, 1-n-propyl-2-propenyIoxy group, 2-ethyl-2-butenyloxir group 
2-ethyl-3-buteny.oxy group, 1.1.2-trimethyl-2-propenyloxy group, 1-methyl-1-ethy.-2- ' 
propenyloxy group, 1^thyl-2-rnethyl-2-propenyloxy group, 1 -i-propyl-2-propenyloxy 
group, etc. ' 

[0020] C« alkynyloxy group includes straight-chain or branched ones, for example 

2- propynyloxy group, 2-butynyloxy group, 3-butynyloxy group, 1-methyi-2- 
propynyloxy group, 2-pentynyloxy group, 3-pentynyloxy group, 4-pentyny.oxy group 
1-methyl-2-butynyloxy group, 1-methyl-3-butynyloxy group, 2-methyl-3-butynyloxy 
group, 1.1-dimethyl-2-propynyloxy group, 2-ethy|-2-propynyloxy group, 2-hexynyloxy 
group, 3-hexynyloxy group, 4-hexynyloxy group, 5-hexynyloxy group, 1-methyl-2- 
pentynyloxy group. 1-methyI-3-pentyny.oxy group, 1 -methyl-4-pentynyloxy group 2- 
methyl-3-pentynyloxy group, 2-methyM-pentynyloxy group, 3-methy.4-pentynyloxy 
group, 4-methyl-2-pentynyloxy group, 1.1-dimethyl-2-butynyloxy group, 1 . 1 -dimethyl- 

3- butynyloxy group. 1.2^dimethy.-3-butynyloxy group. 2,2-dimethyl-3-butynyloxy 
group, 1-ethy|-2-butynyloxy group. 1-ethy.-3-butynyloxy group, 1-n-propyl-2- 
propynyloxy group. 2-ethyl-3-butynyloxy group. 1-methy|-1-ethyl-2-propyny!oxy group, 
1-i-propy|-2-propynyloxy group, etc. 

[0021] C,., alkoxycarbonyl group includes straight-chain, branched or cyclic ones 
for example methoxycarbony group, ethoxycarbony group, n-propoxycarbony group, 
i-propoxycarbony group, c-propoxycarbonyl group, n-butoxycarbonyl group, i- 
butoxycarbony. group, s-butoxycarbony. group, t-butoxycarbonyl group, c- 
butoxycarbonyl group, n-penty.oxycarbonyl group, 1-methyl-n-butoxycarbony. group 
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2-methyl-n-butoxycarbonyl group, 3-methyl-n-butoxycarbonyl group, 1,1-dimethyl-n- 
propoxycarbonyl group, c-pentyloxycarbonyl group. 2-methyl-c-butoxycarbonyl group 
n-hexyloxycarbonyl group, 1-memyl-n-pentyloxycarbonyl group, 2-methyl-n- 
pentyloxycarbonyl group, 1,1-dimethyl-n-butoxycarbonyl group 1-ethy|-n- 
butoxycarbonyl group, 1.1.2-trimethyl-n-propoxycarbonyl group, c-hexyloxycarbonyl 
group, 1-methyl-cpentyloxycarbonyl group, 1-ethyl-c-butoxycarbonyl group. 1.2- 
dimethyl-c-butoxycarbonyl group, etc. 

[0022] C^alkylene group includes ethylene group, propylene group, butylene group 
etc. C^alkylene group Includes for example In addition to the above-mentioned 
groups for C M alkylene group, pentylene group, hexylene group, etc. 
[0023] Preferable R 2 include the following groups: 

1 . Methyl group, ethyl group, i-propyl group, j-butyl group and methoxyethyl group; 
and ' 

2. Methyl group and ethyl group. 

[0024] Preferable groups of formula (2) include the following groups: 

1 . Dimethylphosphonyl group, diethylphosphonyl group, 2-oxo-1 ,3,2- 
dioxaphosphorinan-2-yl group. 5.5-dimethyI-2-oxo-1.3.2-dioxaphosphorinan-2-yl 
group and 4,6-dimethyl-2-oxo-1,3.2-dioxaphosphorinan-2-yl group; and 

2. Diethylphosphonyl group. 5,5-dimethyl-2-oxo-1 ,3,2-dioxaphosphorinan-2-yl group 
and 4,6-dimethyl-2-oxo-1,3,2-dioxaphosphorinan-2-yl group. 

[0025] Preferable Ar 1 includes the following groups: 

1 . Phenyl group, 4-nltrophenyl group, 3-nitrophenyl group. 2-nitrophenyl group, 4- 
chlorophenyl group. 3-chlorophenyl group. 2-chlorophenyl group, 4-methoxyphenyl 
group, 3-methoxyphenyl group, 2-methoxyphenyl group. 4-trifluoromethylphenyl 
group. 3-trifluoromethylphenyl group. 2-trifluoromethylphenyl group. 4-pyridyl group. 
3-pyridyl group. 2-pyridyl group and 2.3-dichlorophenyl group; 

2. Phenyl group, 3-nitrophenyl group, 2-nitrophenyl group, 3-chlorophenyl group, 2- 
chlorophenyl group, 3-methoxyphenyl group. 2-methoxyphenyl group, 3- 
trifluoromethylphenyl group, 2-trifluoromethylphenyl group, 4-pyridyl group. 3-pyridyl 
group, 2-pyridyl group and 2,3-dichlorophenyl group; 

3. Phenyl group, 3-nitrophenyl group, 2-nitrophenyi group, 3-chlorophenyl group. 2- 
chlorophenyl group, 3-methoxyphenyl group. 2-methoxyphenyl group. 3- 
trifluoromethylphenyl group. 2-trifluoromethylphenyl group. 4-pyridyl group. 3-pyridyl 
group and 2-pyridyl group; and 

4. Phenyl group, 3-nitrophenyl group. 2-nitrophenyl group, 3-methoxyphenyl group. 
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2-methoxyphenyl group, 3-trlfluoromethylphenyl group, 2-trifluoromethylpheny. group 
4-pyridyl group, 3-pyridyl group and 2-pyridyl group. 
[0026] Preferable R 8 includes the following groups: 

1. C,^ alkyl group; and 

2. Methyl group. 

10027] Preferable R* includes the following groups: 

1. C^alkyl group, CN and NH 2 ; 

2. Methyl group, CN and NH 2 ; 

3. ANR 8 R 9 , CH 2 OANR 8 R 9 and CH 2 CH 2 N(CH 2 CH 2 ) 2 NR 8 - 

4. CH 2 OANR 8 R 9 ; and 

5. CH 2 OCH 2 CH 2 NH 2 . 

[0028] Preferable R 3 includes the following groups: 

1 • C^alkyl group, C^alkenyl group and C^alkynyi group (the C^alkyl group C« 
alkenyl group and C« alkynyl group may be arbitrarily substituted with phenyl group 
wherein the phenyl group may be arbitrarily substituted with C,^ alkoxy group or 
halogen atom); 

2. Methyl group, ethyl group, i-propyl group, l-butyl group and methoxyethyl group- 

3. ANR 8 R B and groups of formulae 

-A-l/~\|-R 8 ~A-tC A-R 8 



4. Groups of formulae 



CH 2 Ph CH 2 Ph Ph 

CH 2 CH 2 N^ . CH 2 CH 2 N CH 2 CH 2 l/ \- C A 



CH 3 \_V Vh 



Ph 



- ~~0< and — <Vcrf 

N CH 2 Ph CH 2 Ph ^ Vh 



[0029] Preferable R 1 includes the following groups: 

1. AN(CH 2 CH 2 ) z O; and 

2. CHjCH^CCH.CH^O. 
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[0030] in case where the compound of formula (1) of the present invent. • 

Phosphates, lactetes. maleates. Urates. mala.es, gluconates. sa^S and the 

10034] T-type calaum channel blockers that are me compound of formula ma 

rT° eU ! Ca " y aCC8P,able Sa " 'herLaccoXtemepLan. 
mvenbon. pharmaceubcals containing the T-type oaloium channel bloc^ra or 
therapeube agents or preventive agents against diseases for whioh Lium 
channe b.ockin g ac«o„ is eftecbve, oan be generally administered In oraT 
admm.strahon forms such as tablets, oapsules. powders, granules, pills, syrups and 
*e l*e permucosa, absorpbon preparabons suoh as intrarectal administnZ 
preparabons. transnasal absotpbon preparabons, transvaginal absorption 
pneparabons and me like, transpulmonary abson»tlon preparabons. inhalants 
ophthalm,o s 0lut ,ons, percutaneous absorption preparabons or Injections The 
present preparations oan be administered as a simple therapeutic agent or as a 
m,tture wth other therapeube agent. The compound of formula (1) acccrdfng to the 
present .nvenbon may be administered as a single item but ara general 
administered in a form of pharmaceuflcal composition. These preparabons can be 

phamT TT 9 '° ^ COnVentt ° nal m6tHOd by P^-coiog^y and 

phamnaceubcally acceptable addibves. That is. for oral preparabons, addi tives such 

ageTa^l T^^' • ""-ctente, p ,as«c*ers, Joalg 

agente and the hke can be used. Oral liquids may be in a form of aqueous or city 
suspense, solubon. emulsion, syrup, elixir and the like, or be provided as a dry syrup 

men™ h Watef ° r 0thSr aPPTOPria,e <° — The above 

r^mef hT , ^ Mn,aln ~*°" al *»<*> - suspending agents 

perfumes, d.luants or emusiflers. When It is administered intrarectaUy it can be 
adm,n,stered as a suppository. The suppository may contain sultebte basT 
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ingredients such as cocoa fats, lauricfats, macrogol, glycerogelatin, witepsol, sodium 
stearate or a mixture thereof, and optionally emulsifiers, suspending agents, 
preservatives and the like. For the injections, the followjngs are used: resolvents or 
solubilizing agents, such as distilled water for injections that can constitute aqueous 
dosage form or on use-dissolved type dosage form, saline, 5% glucose solution, 
propylene glycol and the like, pharmaceutical ingredients such as pH adjusters, 
isotonizing agents, stabilizers and the like. 

£0035] When the pharmaceuticals of the present invention are administered to 
human, the dosage is determined depending on age or state of the patient. In case 
where the patient is adult, oral preparations or intrarectal administration is carried out 
in an amount of about 0.1 mg to 1000 mg per day per body, and an injection is 
administered in an amount of about 0.05 mg to 500 mg per day per body. These 
values are merely examples, and the dosage is determined according to the condition 
of a patient. 

[0036] The scene which the present invention is applied includes the scene which 
the use of the compounds having T-type calcium channel blocking activity is expected 
to improve the condition of the disease. Concretely, the compounds of the present 
invention are effective for therapy or prevention of hypercardia, heart failure, 
cardiomyopathy, tachyarrhythmia represented by atrial fibrillation, arterial sclerosis, 
renal disorder represented by nephritis/nephropathy, renal insufficiency, inflammation 
and edema, hyper-aldosteronism, neurogenic pain, epilepsy, cancer and the like. 
[0037] The compounds of formula (1) according to the present invention can be 
produced by oxidizing 1 ,4-dihydropyridine compounds or introducing a substituent at 
1 -position of 1 ,4-dihydropyridine compounds. 
[0038] The production process thereof is shown in Scheme 1 . 
Scheme 1 
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Oxidation 




C0 2 R 3 





(1-a) 



CO z R 3 



(1-b) 



[0039] That Is, the compound of formula (1-a) in which nitrogen-containing hetero 
ring moiety is a pyridine ring among the compounds of formula (1) according to the 
present invention can be produced by oxidizing 1 ,4-dihydropyridine compound (3) 
with an oxidizing agent such as nitric acid, nitrous acid, chromic acid, iodine or the 
like. 

[0040] In addition, the compound of formula (1-b) in which nitrogen-containing 
hetero ring moiety is a 1 ,4-dihydropyridine ring among the compounds of formula (1) 
according to the present invention can be produced by treating in the presence of a 
base such as sodium hydroxide or the like 1,4-dihydropyridine compound (3) with R 1 - 
X wherein R 1 is as defined above, and X is a leaving group such as chlorine atom, 
bromine atom, iodine atom, methanesulfonyloxy group, paratoluenesulfonyloxy group, 
trifluoromethanesulfonyloxy group or the like. 

[0041] In addition, 1 ,4-dihydropyridine compounds (3) in which Z is a group of 
formula (2) can be produced according to the methods described in JP 59-161392 A 
(1984), JP 60-69089 A (1985), JP 60-248693 A (1985), JP 60-258194 A (1985), JP 

61- 30591 A (1986), JP 61-37793 A (1986), JP 61-63688 A (1986), JP 61-210092 A 
(1986), JP 61-254596 A (1986), JP 62-169795 A (1987), JP 62-169796 A (1987), JP 

62- 195392 A (1987), JP 63-68591 A (1988). JP 63-233992 (1988), JP 1-113398 A 
(1989) and JP 1-275591 A (1989). 

[0042] Further, 1 ,4-dihydropyridine compounds (3) in which 2 is C0 2 R 2 can be 
produced according to the methods described in JP 58-167569 A (1983), JP 55-301 A 
(1980), JP 57-171968 A (1982), JP 60-97956 A (1985). JP 49-108082 A (1974), JP 
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52-5777 A (1977), JP 47-34368 A (1972), JP 47-34369 A (1972), JP 52-59161 A 
(1977), JP 55-9083 A (1980), JP 60-233058 A (1985) and JP 58-67668 A (1983) 
[0043] Hereinafter, the present invention is described based on examples to which 
the present invention is not limited at all. 

The structural formulae of the compounds used in the examples are as follows: 

• NO * - no, 



NHPh 




CH 3 2HCI 




(4) 



(5) 



NO z 




Ph 

H3CO2C 



H,C 




(7) 



NO, 



H 3 C0 2 C 



H,C 




NO, 



"CH 2 Ph 




(8) 

[0044] Compound (5) described in the examples was produced according to 
Oxidation Example 2 indicated in JP 2-138221 (1990), and Compound (6) was 
produced according to Oxidation Example 1 indicated in JP 2-138221 (1990). 
Compound (4) described in the examples was produced by benzylating Compound 
(5) with a benzyl halide and then converting to a hydrochloride. 
[0045] Compound (7) described in the examples was produced by oxidizing 1 ,4- 
dihydropyridine compound (3a) produced by making reference to a production 
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process indicated in JP 57-17 19 68 (, 882 ). and than convarUng to a hydrachlonde as 

TOllOWS. 



NO, 



H 3 C0 2 C 



H,C 




CH 2 Ph 



H 3 C0 2 C 



H 3 C 




CH 2 Ph 



(3a) 



(7) 



1.0097 g of Compound (3a) was added in 32.5% nitric acid, and the resulting mixture 
was stirred at SOX for 15 minutes. After cooling on standing, 300 mL of chloroform 
and 300 mL of saturated sodium hydrogen carbonate aqueous solution were added in 
the reaction solution, and then separated into phases. The organic phase was 
concentrated and then the intended product was separated through silica gel 
chromatography (eluent, ethyl acetate:hexane=1:1, wv), and 0.7193 g (76.7%) of pale 
yellow oily compound was obtained. 

NMR spectra (300 MHz, CDCI 3 . 5 ): 1.00-1.20 (1H, m), 1.40-1.80 (3H, m), 1.80-2 20 
(2H. m), 2.30-2.55 (2H, m). 2.61 (3H, s), 2.60 (3H, s), 3.35-3.50 (2H, m), 3.57 (3H, s) 
4.75-4.87 (1 H, m), 7.20-7.60 (7H, m), 8.08-8.18 (2H, m). 

[0046] 0.7070 g of the obtained compound was added in 200 mL of chloroform and 
1 00 mL of 1 mol/L hydrochloric acid and separated into phases. The organic phase 
was dried over anhydrous sodium sulfate, and then concentrated again to obtain 
0.7270 g (89.8%) of Compound (7) in a state of colorless solid. 
[0047] Compound (8) described in the examples was produced by introducing 
methyl group at 1 -position of a hydrochloride of 1 ,4-dihydropyridine compound (3a) 
produced by making reference to a production process indicated in JP 57-171968 
(1982), and then converting to a hydrochloride. 



H 3 C 





1) NaH CH 3 I 
THF 



N^Ph 



2) HCI 



CH 3 

(3a HCI) ( 8 ) 
1.01 g (1.86 mmol) of hydrochloride of Compound (3a) was added in 10 mL of 
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tetrahydrofuran containing 529 mg (3.73 mmol) of methyl iodide, and cooled to 3 'C 
Then, 244 mg (5.59 mmoi) of sodium hydride (55%) was added and stirred at 3-6°C 
for 4 hours. In the resulting reaction mixture, 200 mL of chloroform and 50 mL of 
water were added, shaken, allowed to stand and separated into phases The 
chloroform phase was taken up. the residue obtained by distilling off the solvent was 
purified through silica gel chromatography (silica gel 40 g. ethyl acetate/hexane=2/3) 
to obtain 237 mg (24.4%) of the intended N-methyl form as a pale yellow oily product 
In 207 mg of the oily product, 200 mL of chloroform and 100 mL of 1 mol/L 
hydrochloric acid were added, shaken, allowed to stand and separated into phases 
The chloroform phase was taken up, dried over 5 g of anhydrous sodium sulfate and 
then filtrated and the solvent was distilled off to obtain 246 mg of Compound (8) as a 
pale yellow solid. 

The compound was diastereomer mixture, and the HPLC analysis described below 

showed mainly two divided peaks of a retention time of 37.88 min. and 39 82 min 

[HPLC ConditionJ 

Column: L-column ODS 

Eluent: CH 3 CN-0.01 M aq. AcONH 4 =3/2(v/v) 

Flow rate: 1.0 mL/min. 

Temperature: 40°C 

Wavelength: 254 nm 

[0048] Compound (9) described in the examples was produced by introducing a 
substituent at 1 -position of Compound (3b) Indicated in Example 25 of JP 63-233992 
(1988), and then converting to a hydrochloride (dihydrochloride) as follows. 

1eq ' } 
1) O N(CH 2 ) 2 CI 

HCI 
NaH( 2eq. ) 



NO z 




2) HCI 



(3b) 




Pharmacological Test Example 1: Effect on T-type Ca channel expressed in 
mammalian cells (BHK cells) 

[0049] An electrophysiological evaluation was carried out by use of BHK (baby 
hamster kidney) cells in which T-type Ca channel (« 1G ) was expressed according to 
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the method of Wakamori M et al. (Wakamori M et al.: J Biol Chem 273, 34857-34867, 
1998) based on the whole cell patch clamp method. Each Ca-ion current was 
measured through a patch clamp amplifier as an inward current when depolarization 
pulse (-20 mV) was applied to cells maintained at a membrane potential of -80 mV. 
Each compound was dissolved in extracellular solution and applied with perfusion. 
At 5 minutes after the application, any variation in Ca-ion current was measured. 
The results are shown in Table 1 as Ca current inhibition (%, average value) of the 
compound of the present Invention to Ca current (100%) in vehicle control. 



Table 1 



Compound Concentration (uM) Inhibition (%) Number of experiments 



(4) 
(5) 
(6) 
(7) 
(8) 



10 
10 
10 
10 
10 



23.9 
53.9 
43.6 
45.8 
30.0 



2 
2 
2 
3 
2 



Pharmacological Test Example 2: Effect on L-type and T-type Ca channel expressed 
in mammalian cells (BHK cells) 

[0049] An electrophysiological evaluation was earned out by use of BHK (baby 
hamster kidney) cells in which L-type Ca channel or T-type Ca channel (ot lG ) was 
expressed according to the method of Wakamori M et al. (Wakamori M et al.: J Biol 
Chem 273, 34857-34867, 1998) based on the whole cell patch clamp method. Each 
Ca-ion current was measured through a patch clamp amplifier as an inward current 
when depolarization pulse (10 mV in L-type Ca channel, -20 mV in T-type Ca channel) 
was applied to cells maintained at a membrane potential of -80 mV. Compound (9) 
was dissolved in extracellular solution and applied with perfusion. At 5 minutes after 
the application, any variation in Ca-ion current was measured. The results are 
shown in Table 2 as Ca current inhibition (%, average value) of the compound of the 
present invention to Ca current (100%) in vehicle control. 
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Table 2 



channel type Concentration (nM) Inhibition (%) Number of experiments 

T-type 10 48.9 5 " 

L-type 10 9.9 2 



Preparation Example 1 

[0051] Granules containing the following components were prepared 



Components Compound of formula (1 ) 10 mg 

Lactose 700 mg 
Cornstarch 274 mg 
HRGri „ 16 mg 



1000 mg 

The compound of formula (1) and lactose were passed through 60-mesh sieve. 
Cornstarch was passed through 120-mesh sieve. These components were mixed in 
a twin-cylinder mixer. Aqueous solution of hydroxypropylcellulose having a low 
viscosity (HPC-L) was added to the mixed powders, the resulting mixture was 
kneaded, granulated (extrusion granulation, bore 0.5 to 1 mm), and then dried. The 
obtained dried granules were passed through a vibrating screen (12760 mesh) to 
obtain an intended granules. 
Preparation Example 2 

[0052] Powders for filling into capsules containing the following components were 
prepared. 

Components Compound of formula (1 ) 1 0 mg 

Lactose 79 mg 

Cornstarch 1 0 mg 

Magnesium stearate 1 mg 

100 mg 

The compound of formula (1) and lactose were passed through 60-mesh sieve. 
Cornstarch was passed through 120-mesh sieve. These components were mixed 
with magnesium stearate in a twin-cylinder mixer 100 mg of 10 times powders were 
filled into No. 5 hard gelatin capsule. 
Preparation Example 3 
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[0053] Granules for filling into capsules containing the following components were 
prepared. 

Components Compound of formula (1 ) 15 mg 

Lactose 90 mg 

Cornstarch 42 mg 

HEGzL 3mg 

150 mg 

The compound of formula (1) and lactose were passed through 60-mesh sieve. 
Cornstarch was passed through 120-mesh sieve. These components were mixed in 
a twin-cylinder mixer. Aqueous solution of hydroxypropylcellulose having a low 
viscosity (HPC-L) was added to the mixed powders, the resulting mixture was 
kneaded, granulated, and then dried. The obtained dried granules were passed 
through a vibrating screen (12/60 mesh) to obtain an intended granules. 150 mg of 
the granules were filled into No. 4 hard gelatin capsule. 
Preparation Example 4 

[0054] Tablets containing the following components were prepared. 



Components Compound of formula (1 ) 10 mg 

Lactose 90 mg 
Fine crystalline cellulose 30 mg 
Magnesium stearate 5 mg 

CMC-Na 15 mg 



150 mg 

The compound of formula (1), lactose, fine crystalline cellulose and CMC-Na 
(carboxymethylcellulose sodium salt) were passed through 60-mesh sieve and mixed 
one another. Magnesium stearate was added to the mixed powders to obtain mixed 
powders for preparation. The powders were subjected to direct compression to 
obtain 1 50 mg of tablets. 
Preparation Example 5 

[0055] Intravenous preparations were prepared as follows. 

Compound of formula (1) 100 mg 

Saturated fatty acid glyceride 1000 ml 

The compound of formula (1) was dissolved in saturated fatty acid glyceride to obtain 
an intravenous preparation. Generally, the solution containing the above-mentioned 
components was intravenously administered to a patient in a rate of 1 ml per minute. 
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Industrial Applicability 

[0056] As the compounds of the present invention have selective T-type calcium 
channel blocking effect, it is assumed that these compounds can be used for therapy 
of hypercardia, heart failure, cardiomyopathy, tachycardia-arrhythmia represented by 
atrial filiation, arterial sclerosis, renal disorder represented by nephritis/nephropathy 
renal .nsufficiency, edema, inflammation, hyper-aldosteronism. neurogenic pain 
epilepsy, cancer or the like, without adverse effect on blood pressure, cardiac function 
and Quality of Life. Therefore, the present invention can provide therapeutic agents 
for the above-mentioned diseases with effectiveness, safety and Quality of Life. 
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